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Abstract 
Composite equivalent electrical properties are computed based on simplified micromechanics equations1. Dielectric constant, 
dielectric strength, and conductivity are computed utilizing the constituent material properties, effective medium, and percolation 
theories. 2D/3-D composite electrical properties simulation requires the algorithm development that combines the effective 
medium and percolation theories.  A physically based percolation model is proposed to characterize the effective electrical 
conductivity of particle filled composites by means of the combination of effective medium (EM) and percolation equations with 
universal exponents. It is shown that the present model agrees well with the experimental data. Furthermore, the effect of particle 
shape on the percolation threshold and the effect of electrical conductivity of particle on the effective properties of composites 
are discussed. 
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Nomenclature 
Kem electrical conductivity of matrix  
kv fraction of voids of composite by volume 
km matrix volume fraction of composite 
kf fiber volume fraction of composite 
Kev electrical conductivity of voids 
Kel11 lamina longitudinal electrical conductivity 
Kel22 lamina transverse electrical conductivity 
Kel33  lamina normal electrical conductivity 
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1. Introduction 
The algorithm development involves consideration of: a) Electrical conductivity of the matrix considering the 
effect of voids, b) resistivity; c) longitudinal electrical conductivity of unidirectional ply (rule of mixtures); d) 
transverse electrical conductivity of unidirectional ply; e) laminate electrical conductivity Ke and the inverse of 
conductivity or resistivity Ωe. This paper validates against test data the prediction [1] of lamina & laminate 
dielectric strength and the assembly of laminate dielectric strength properties.  In addition, the model considers the 
effect of nano materials insertion such as carbon nanotube (CNT) random fiber composites [2].  Nanotechnology 
test results suggest the presence of a CNT-matrix interface that lowers the composite conductivity compared to 
predictions without considering the presence of a CNT-matrix interface. The test results justify the lower than 
expected conductivity of the composite according to the percolation model that uses the CNT, matrix, and interface 
conductivities. Test results indicate that even at high concentrations, CNTs do not actually touch each other because 
they are covered by the interface zone.  Therefore the model must take into account presence of the CNT-matrix 
interface zone and its electrical properties.  The predictive method compares the conventional and nanocomposite 
electrical properties with CNT concentrations in the matrix, including a CNT-matrix interface.  Simulation results 
are validated with test data with good agreement. 
1.1. Composite Electrical Conductivity Equations Based on Simplified Micromechanics Theory 
When voids are present the electrical conductivity of the matrix is modified by [3-4]: 
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Longitudinal electrical conductivity of unidirectional ply is computed by the rule of mixtures: 
mmffl KekKekKe += 1111          (2) 
 
Transverse electrical conductivity of unidirectional ply is given by: 
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Laminate electrical conductivity properties are computed in exactly the same manner as the thermal conductivities. 
 
Dielectric Constant Formulation: The dielectric constant γ is defined as the ratio of the permittivity of the material 
ε to the permittivity of vacuum εo, or γ=ε/εo. The permittivity of vacuum is εo = 8.85x10-12 F/m= 8.85x10-12 
Coulombs/(volt-m)= 0.225 x10-12 Coulombs/(Volt-inch). Similar to electrical conductivity, dielectric constant γ is a 
transport property as it is associated with the formation and transport of dipoles to accumulate charge and therefore 
the composite dielectric constant can be computed similar to other transport properties such as electrical 
conductivity (cf. Agarwal and Broutman, p. 105; Zeng et al p. 10972). Accordingly, longitudinal dielectric constant 
of unidirectional ply is computed by the rule of mixtures: 
 
mmffl kk γγγ += 1111 (1)         (5) 
 
Transverse dielectric constant of unidirectional ply is given by: 
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2. Computation of Equivalent Electrical Properties of a Composite Material 
GENOA composite mechanics module has been enhanced utilizing the effective medium and percolation theories 
to Estimate: a) equivalent electric properties (MCA module): Dielectric Constant, Dielectric Strength, Resistivity, 
and Conductance for the composite.  
 
A physically based percolation model was utilized to characterize the effective electrical conductivity of particle 
filled composites by means of the combination of effective medium (EM) and percolation equations with universal 
exponents. It is shown that the present model agrees well with the experimental data. Furthermore, the effect of 
particle shape on the percolation threshold and the effect of electrical conductivity of particle on the effective 
properties of composites are discussed. The algorithm development involves consideration of: a) Electrical 
conductivity of the matrix considering the effect of voids, b) resistivity; c) longitudinal electrical conductivity of 
unidirectional ply (rule of mixtures); d) transverse electrical conductivity of unidirectional ply; e) laminate electrical 
conductivity Ke and the inverse of conductivity or resistivity Ωe.  Figure 1 shows the software generated ply  
electrical properties from a set of fiber and matrix and comparison with the test data. 
 
Fiber Properties 
Dielectric Strength in Longitudinal Direction =3.5E5 
Dielectric Strength in Transverse Direction = 3.5E5  
Dielectric Constant in Longitudinal Direction = 6.0 
Dielectric Constant in Transverse Direction = 6.0 
Conductivity in Longitudinal Direction = 0.01 
Conductivity in Transverse Direction = 0.01 
Matrix Properties 
Dielectric Strength = 24000 
Dielectric Constant = 4.0 
Conductivity (1/Resistivity) =1.0E-13 
 
 
Ply Properties 
Fiber Volume Fraction=0.4 
Dielectric Strength in Longitudinal Direction = 3.33E4     
 Dielectric Strength in Transverse Direction = 4.64E4 
 Dielectric Constant in Longitudinal Direction = 4.46 
 Dielectric Constant in Transverse Direction =4.49 
 Conductivity in Longitudinal Direction = 3E-3 
 Conductivity in Transverse Direction = 1.66E-13 
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Figure 1. Electrical conductivity of Composite 
 
3. Carbon Nanotube Inserted Composites 
It has been determined that insertion of a very small amount of carbon nanotubes (CNT) in a composite improves 
the structural durability and also modifies the electrical conductivity of the matrix. CNT in a composite matrix has 
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been determined to form a thin interphase between the CNT and the matrix. The diameter of CNT is 20 nm and 
thickness of the interphase is approximately 2.5 nm. Average length of CNTs dispersed in a composite matrix is 
25000 nm. Conductivity of CNTs has been determined as 1850 S/cm whereas the interphase conductivity is 
determined to be eight orders of magnitude lower at 1.85x10-5 S/cm. The conductivity of CNT/interphase 
combination is determined based on logarithmic average of the ratios of conductivity to distance of each phase. 
Therefore we write the effective electrical conductivity of the CNT/interphase system as: 
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Where t is the interphase thickness and L is the CNT length. For a typical CNT with the physical parameters 
given above Equation 8 gives the combined CNT/interphase conductivity as 18.50 S/cm. Simulation of the 
composite CNT/matrix conductivity using this value agrees well with test data as shown in Figure 2. 
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Figure 2. Comparison of simulation with test data for CNT inserted composite conductivity 
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